Nucleotide sequence analyses of cDNAs derived from the double-stranded RNA genome segments 6 and 7 (S6 and S7) of Bombyx mori cypovirus 1 (BmCPV-1) have revealed that they consist of 1796 and 1501 nucleotides encoding putative proteins of 561 and 448 amino acids with molecular masses of 63 604 and 49 875 (p64 and p50), respectively. The amino acid sequence of p64, which has a high leucine residue content (10 %), contains a leucine zipper motif. Antiserum raised against p64 specifically bound to a viral structural protein of ca. 68 kDa (V4), while antiserum against p50, which specifically bound to a protein of ca. 56 kDa in BmN4 cells infected with BmCPV-1, reacted with a cluster of four viral structural proteins ranging from ca. 34 to 40 kDa (V5). These observations indicate that p50 might be cleaved to V5 during the formation of virus particles.
Nucleotide sequence analyses of cDNAs derived from the double-stranded RNA genome segments 6 and 7 (S6 and S7) of Bombyx mori cypovirus 1 (BmCPV-1) have revealed that they consist of 1796 and 1501 nucleotides encoding putative proteins of 561 and 448 amino acids with molecular masses of 63 604 and 49 875 (p64 and p50), respectively. The amino acid sequence of p64, which has a high leucine residue content (10 %), contains a leucine zipper motif. Antiserum raised against p64 specifically bound to a viral structural protein of ca. 68 kDa (V4), while antiserum against p50, which specifically bound to a protein of ca. 56 kDa in BmN4 cells infected with BmCPV-1, reacted with a cluster of four viral structural proteins ranging from ca. 34 to 40 kDa (V5). These observations indicate that p50 might be cleaved to V5 during the formation of virus particles.
Cypoviruses (CPVs) of the family Reoviridae infect midgut epithelial cells of a wide range of insects (Payne & Mertens, 1983 ; Belloncik, 1989) . The CPV capsid contains a 10-segmented double-stranded (ds) RNA genome (S1-S10) (FujiiKawata et al., 1970) and five structural proteins (V1-V5) (Payne & Rivers, 1976 ; McCrae & Mertens, 1983 ; Payne & Mertens, 1983) . Recently, it was reported that the CPV particle has a single-shelled capsid and that there are two sizes of protrusions on the capsid shells. V3 and V5 are likely candidates for these protrusions (Zhang et al., 1999) . However, we could not speculate further on the possible structure of the CPV particle comprising these structural proteins because no Author for correspondence : Kyoji Hagiwara.
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sequence data are available. Thus, for elucidation of the molecular architecture of the CPV particle it is important to determine the nucleotide sequences of RNA segments and identify the encoded structural proteins. For Bombyx mori cypovirus 1 (BmCPV-1), we have already determined the complete nucleotide sequences of S8, S9 and S10, which encode nonstructural proteins (Hagiwara et al., 1998 a, b ; Miyajima et al., 1998) . Here, we report the complete nucleotide sequences of BmCPV-1 S6 and S7, encoding the viral structural proteins V4 and V5, respectively.
To obtain full-length cDNAs of S6 and S7, genomic dsRNA of BmCPV-1 was separated by 0n8 % agarose gel electrophoresis, and S6 and S7 dsRNAs were purified after being excised from the gel. The S6 and S7 dsRNAs were converted to cDNAs by a sequence-independent RT-PCR amplification method (Paul et al., 1992) . The 3h-terminal region of 5h-phosphorylated primers was blocked by NH # (primer 1, 5h PO % -CCCGGATCCGTCGACGAATTCTTT-NH # 3h) to prevent concatenation of primer 1 in subsequent dsRNA\DNA ligation reactions. Then, primer 1 was ligated to both 3h ends of the purified dsRNA segment (S6 or S7) using T4 RNA ligase, and reverse transcription was performed using primer 2 (5h AAAGAATTCGTCGACGGATCCGGG 3h), complementary to primer 1. After removing the template RNAs by digestion with E. coli RNase H, the resulting cDNAs representing the plus and minus strands of the genomic RNA were annealed. Then, the terminal regions of annealed cDNAs were repaired using Taq DNA polymerase, and PCR amplification was carried out using primer 2. The resulting RT-PCR products were cloned into pBluescript KS(k) and sequenced.
The nucleotide sequences of the S6 and S7 cDNAs were determined using M13 and M13rev primers. To minimize sequence errors, three clones containing cDNAs of S6 or S7 were sequenced, respectively. The complete nucleotide sequences and deduced amino acid sequences are shown in Fig.  1 . S6 consisted of 1796 nucleotides and possessed a long open reading frame (ORF) starting with the ATG codon (bases 44 to 46) and terminating with a TAG stop codon (bases 1727 to 1729), encoding a polypeptide of 561 amino acids (Fig.  1 a) with a molecular mass of 63 604 (ca. 64 kDa). Here, we designated the putative protein encoded by S6 as p64. consisted of 1501 nucleotides and possessed a long ORF starting with the ATG codon (bases 25 to 27) and terminating with a TGA stop codon (bases 1369 to 1371), encoding a polypeptide of 448 amino acids (Fig. 1 b) with a molecular mass of 49 875 (ca. 50 kDa). Here, we designated the putative protein encoded by S7 as p50. Compared with terminal sequences of five segments from BmCPV-1 (S4, S5, S8, S9 and S10) (Kuchino et al., 1982) , 5h-terminal five (AGTAA) and 3h-terminal seven (CCGATTG) consensus amino acids were completely conserved in both S6 and S7 (Fig. 1 a, b) . The predicted amino acid sequence of p64 had a high leucine residue content (10n0 %). A leucine zipper motif was also found from position 273 to 294 (Fig. 1 a) using the computer program PSORT (Nakai & Kanehisa, 1992) . p50 was rich in alanine (9n8 %) and threonine (9n4 %) residues. One and two nuclear localization signals were also found in the amino acid sequences of p50 and p64, respectively (Fig. 1 a, b) . Motif analysis using the GenomeNet server showed six N-gly- Table 1 . Results of a search for identity and similarity to p64 (V4) F In each set of sequences, the top sequence is that of p64 (V4) encoded by S6 from BmCPV-1 and the bottom is that of translation initiation factor IF-3 of Buchnera aphidicola. Plus symbols indicate similar amino acids. The leucine zipper motif is underlined. Fig. 2 . SDS-PAGE and immunoblotting analyses of p64 (V4) and p50 (V5). Samples were separated by SDS-12 % PAGE and were stained with Coomassie brilliant blue (a) or transblotted on PVDF membranes and subjected to immunoblotting using anti-GST-p64N98 (b) or anti-GST-p50C265 (c) antibody. Lanes 1, prestained molecular mass marker (Bio-Rad) ; lanes 2, uninfected BmN4 cells ; lanes 3, BmN4 cells infected with BmCPV-1 ; lanes 4, purified virions of BmCPV-1. BmN4 cells were infected with BmCPV-1 and harvested 6 days after infection.
cosylation sites in the amino acid sequence of p64, and four Nglycosylation sites in p50. One ATP\GTP-binding site motif was also found from position 353 to 360 in p64 (Fig. 1 a) .
Homology searches using the BLAST program (Altschul et al., 1990) failed to identify any proteins of the Reoviridae viruses with significant similarity to the deduced amino acid sequences of p64 and p50. However, localized similarity with translation initiation factor IF-3 of Buchnera aphidicola was found in the deduced amino acid sequence of p64 at positions 19 to 35 and 282 to 320 (Table 1) . These results suggested that p64 possesses nucleic-acid-binding activity and may play an important role in CPV replication.
Both a part of S6 cDNA between nucleotides 44 and 339 encoding the N-terminal 98 amino acids (p64N98) and a part of S7 cDNA between nucleotides 573 and 1501 encoding the C-terminal 265 amino acids (p50C265) were ligated into the expression vector pGEX-2T (Pharmacia) in-frame with Nterminal glutathione S-transferase (GST). The fusion proteins GST-p64N98 and GST-p50C265 were expressed in E. coli XL-1 Blue transformed with recombinant pGEX-p64N98 and pGEX-p50C265, respectively. As these fusion proteins were insoluble, they were separated by SDS-12 % PAGE and purified after excision from the gel. To obtain p64-or p50-specific antiserum, two BALB\c mice were immunized with the GST fusion proteins. On immunoblotting analysis using anti-GST-p64N98 antibody, there were no immunoreactive proteins in either uninfected or virus-infected BmN4 cells. However, using purified virions, viral structural protein 4 (V4) was clearly detected as a 68 kDa product (Fig. 2 b) . Here, we designated the protein encoded by S6 as V4, in line with the nomenclature used by McCrae & Mertens (1983) . V4 is considered to be a minor component of the CPV particle and is expressed at low levels compared with other structural proteins (Fig. 2 a) so we could not detect it in BmN4 cells infected with BmCPV-1. On immunoblotting analysis using anti-GST-p50C265 antibody, a major immunoreactive protein (p50) of about 56 kDa was detected in virus-infected BmN4 cells (Fig. 2 c) . Four proteins with molecular masses of 34, 36, 38 and 40 kDa were also detected in purified virions (Fig. 2 c) . Four similar bands were also observed on SDS-PAGE analysis of purified virions (Fig. 2 a) . It has been reported that a viral structural protein of about 31 kDa (corresponding to V5) might be produced by posttranslational modification (Payne & Mertens, 1983) . It has also been reported that reovirus µ1 protein encoded by the M2 gene is the major component of reovirus particles and this protein is cleaved to protein µ1C to associate with protein σ3 (Zweerink & Joklik, 1970 ; Wiener & Joklik, 1988 ; Tillotson & Shatkin, 1992) . It is possible that the larger S7 product (p50) is cleaved to the smaller protein (V5) when CPV particles are assembled to associate with other viral proteins such as V4. So, the four proteins detected on SDS-PAGE and immunoblot analyses of purified virions may have been cleavage products of p50 produced during the formation of virus particles. Here, we designated the cleaved protein produced by processing of p50 as V5, in line with the nomenclature used by McCrae & Mertens (1983) . However, we cannot exclude the possibility that these proteins may have been degradation products of V5 produced during purification because the distinct molecular mass of V5 has not been reported. It is interesting that p50 was detected in midgut cell extracts of silkworm (data not shown) and BmN4 cells 6 days after virus infection, suggesting that p50 may play an important role in host cells as a nonstructural protein. Further investigations of the function of p50 will clarify its role in the CPV replication cycle.
Recently, the three-dimensional structures of CPV were determined using cryo-electron microscopy. It has been reported that there are large protrusions (LPs) and small protrusions (SPs) on the capsid shells of CPV, and V3 and V5 are the likely candidates for LPs and SPs (Zhang et al., 1999) . It has also been reported that the morphology of CPV is similar to that of orthoreovirus (Hill et al., 1999) . The sequencing results presented here may greatly contribute to confirmation of the three-dimensional structure and arrangement of CPV particles.
